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1
SHAFT POWER PLANT

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a national phase application of PCT/
EP2010/004184, filed Jul. 8, 2010, which claims priority to
German Patent Application No. 102009037196.6, filed Aug.
12, 2009, each of which is hereby incorporated by reference.

BACKGROUND AND SUMMARY

The invention relates to a shaft power plant and also to a
shaft power plant module for generating electricity by energy
conversion of a discharge between a headwater and a tailwa-
ter. To this end, the invention discloses a much simpler inflow
concept for hydropower plants on damming structures,
wherein all the important hydro-engineering requirements
with regard to hydraulics, silt accretions, bed-load discharge,
high water capability and also the necessary ecological com-
ponents are taken into account.

On account of necessary climate protection, the continu-
ally increasing prices in the energy sector and further envi-
ronmental effects, there are for the first time serious political
commitments to sustainable energy concepts in Germany and
also around the world. As a result of the positive development
in the expansion of renewable energies, the German Federal
Ministry for the Environment (Bundesministerium fiir
Umwelt—BMU), in its 2007 progress report on the Renew-
able Energy Act (Emeuerbare-Energien-Gesetz—EEG), seta
new expansion target of at least 27% electricity provision
from renewable sources by the year 2020 and at least 45% by
the year 2030. However, the BMU report also criticized the
fact that the expansion of hydropower had hitherto remained
far behind expectations. Causes for the stagnation in the
expansion of hydropower in Germany were both the lack of
economic incentives and also the high ecological require-
ments involving protracted and expensive authorization pro-
cedures. In addition, there was and is the risk of having to
accept an application rejection, since evaluations are fre-
quently made with nature conservation predominant and
without objective assessment.

The fact that the BMU desires a further increase at all in
electricity generation by hydropower, which is criticized by
environmental organizations, can probably also be due to the
fact that this manner of producing electricity is back in high
regard on account of many environmentally relevant proper-
ties—high energy returned on energy invested, external CO,
costs, constant availability, relatively favorable production
costs—and this has also been rewarded since January 2009
with increased rates of remuneration.

In Germany, a further expansion of hydropower is regu-
lated by the provisions in the BMU’s Guideline for the remu-
neration of electricity from hydropower and also by the Euro-
pean Water Framework Directive, wherein improved
prospects for authorization exist in principle only for loca-
tions having existing transverse structures and simultaneous
ecological improvement.

In reinforced-bed fluvial topographies, the basic water
level must be protected, and so a local gradient jump must be
retained even from ecological and economic points of view—
ramp structures are expensive, are hydraulically inefficient
for high water discharge and have a poor CO, balance. The
poor CO, balance of ramp structures results from the quarry-
ing and truck transportation of very large quantities of hard
rock. This provides essential preconditions for hydropower
utilization. When an ability to pass through is provided at the
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same time, the provisions according to the EEG guideline of
the BMU must also be met. The construction of relatively
large or large plants in Germany continues to be restricted
thereby or is made more difficult or prevented.

On account of the established boundary conditions (EEG
remuneration, defined requirements), the interest in new
hydropower plants has increased considerably, in spite of site
conditions that are not ideal. However, practice has frequently
shown that economic efficiency can scarcely be ensured with
conventional power plant technology, in spite of better remu-
neration, in particular with a decreasing drop height, and it
could even be possible for stagnation to occur again. How-
ever, if there is a desire to generate more electricity from
hydropower, even with less favorable conditions, because of
its convincing environmentally positive properties, new tech-
nical components having an ecological orientation are
required for more efficient use.

The benefit of promoting new, practical developments in
this sector is additionally enhanced because more efficient
hydropower concepts can be installed around the world.

Small-scale hydropower provides particular advantages
for emerging and developing nations because, for example,
with small drop heights only simple structural requirements
are set for the damming structure, no reservoir banks are
necessary and only marginal changes have to be made to the
watercourse. Since, as a rule, the generation of electricity
from run-of-the-river hydropower plants is largely ensured at
least with partial load and occurs in a highly predictable
manner, an important demand for supply reliability can be
fulfilled even in decentralized settlement structures in iso-
lated operation.

The technology for generating electricity from hydro-
power is in principle fully developed for larger plants, as is
clearly documented by the extremely high overall efficiency
of up to 90%. Even in partial load operation, excellent con-
version into electrical energy can take place in virtually all
types of turbine.

On account of the demand for renewable sources of elec-
tricity, in the last few years, more intensive research has been
carried out in the field of small-scale and very small-scale
hydropower. In addition to increases in efficiency and tech-
nological improvements in water wheels, a number of new
types of turbine have been developed, these new types of
turbine taking account to some extent of the issues of down-
stream fish migration and the passage of fish. Particularly
noteworthy are in this case the technologies of matrix turbines
and hydropower screws. Both types have in the meantime
achieved a certain market maturity.

In summary, it can be established that improved types of
turbine have been developed in niche segments. However, for
the sites of interest having the defined boundary conditions
according to the BMU guideline, it is not the type of turbine
that is decisive but the efficiency of the entire plant concept, in
which the particular hydraulic-engineering conditions of
fixed, usually silted-up weir systems should be taken into
account. An essential demand consists additionally in the
ability that is to be created to pass through upstream and
downstream, wherein harm to fish caused by turbines should
be avoided.

Hydropower utilization for the relevant sites in Germany
usually takes place in the conventional form of a bay-type
power plant having high structural outlay and to some extent
considerable encroachment in the banks. If no increases in the
water level are allowed to be carried out, extremely unfavor-
able preconditions occur for the incident flow of the power
plant on account of the low flow depths, and these precondi-
tions can be circumvented to a limited extent only by deep-
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ening the inflows, which is associated with technical, opera-
tional and also economic disadvantages.

Since a virtually vertical screen plane arranged at a low
level is specified, even in the case of bed-load discharge,
extensive deepening of the bed has to be carried out in order
that minimum hydraulic requirements for the flow conditions
can be ensured. For this purpose, upstream basins for bed-
load deposition and flushing sluices for bed-load transmis-
sion should be arranged in the upper inward flow region. The
inflow structure must be designed and dimensioned such that
the natural, wide flow cross section is diverted with as little
loss as possible into the compact bay cross section. Opera-
tional analyses that have been carried out show that in opera-
tional bay-type power plants approximately 24 of the costs
have to be estimated for the structural proportion.

Disadvantages of previously known bay-type power plants
in overview: extensive flow diversion, extensive encroach-
ment in the banks, extensive deepening of the bed, which has
to be protected by a bed-load sluice, noise pollution, to some
extent negative visual effect on account of power plant build-
ings and ecological impairment of the previous stretch of river
between inlet and outlet with downstream fish migration
which is difficult to achieve.

It is the object of the invention to provide a hydropower
plant which can be operated in an environmentally sound and
efficient manner while being cost-effective to produce.

The object is achieved by the features of the independent
claims. Advantageous developments are the subject matter of
the dependent claims.

In order to be able to achieve increases in efficiency, a
fundamental change in the plant design is necessary. The
invention set out in the following text involves essentially a
change from the vertical inflow plane to the horizontal inflow
plane by means of a vertical shaft, from which considerable
hydraulic, ecological and economic advantages can be
derived. The invention involves an underwater hydropower
concept, preferably at damming structures. In this case, dam-
ming structures should be understood as meaning in particu-
lar river barriers, dams, check dams, dam walls, weir systems,
historic and also landmarked weir systems, transverse struc-
tures, locks, plants regulated by dams and/or the damming of
flowing or standing waters. Furthermore, the expression dam-
ming structure relates here to a natural barrier between a
headwater and a tailwater. All important hydraulic-engineer-
ing requirements with regard to hydraulics, silt accretions,
bed-load discharge, high water capability and also the neces-
sary ecological components are taken into account according
to the invention.

Thus, the invention is achieved by a shaft power plant for
generating electricity by energy conversion of a discharge
between a headwater and a tailwater, comprising a vertical
shaft, the top of which forms an inflow plane which is parallel
to the bed and extends below the water level of the headwater,
wherein the shaft is open toward the top and is closed by a
base at its bottom end, a unit composed of a turbine and an
electrical machine, wherein the unit is arranged entirely under
water in the shaft and wherein the turbine is arranged for
water to pass through vertically, and an outflow, which is
connected to the turbine, represents a closed flow channel and
leads through a through-passage in the shaft to the tailwater,
wherein, in a horizontal plane of a turbine runner of the
turbine, a first cross-sectional area of the shaft is much larger
than a second cross-sectional area taken up by the turbine
runner.

The first and the second cross-sectional area both extend
horizontally in the same plane. The first cross-sectional area
is measured with the unit composed of the turbine and elec-
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trical machine being disregarded. In other words, the first
cross-sectional area is, for example in the case of a rectangu-
lar shaft, the product of the two clear side lengths of the shaft.
The second cross-sectional area corresponds to a flow cross
section in the turbine channel and is specified for example by
the product of half the diameter of the turbine runner squared
and pi. In a preferred configuration, it is provided that the first
cross-sectional area is at least 1.5 times, in particular 5 times,
in particular 10 times, in particular 30 times larger than the
second cross-sectional area.

The definition “inflow plane which is parallel to the bed”
also includes an inflow plane which is inclined slightly, in
particular by +/-5°, with respect to the bed plane. The bed
plane can deviate from the horizontal in particular in check
dams.

The unit is characterized by a compact construction, pref-
erably having a permanent magnet synchronous generator
having a variable speed and/or a direct coupling between the
turbine and the electrical machine and/or virtually mainte-
nance-free underwater operation. As a result of these proper-
ties, there is no need for a power house building and only the
electronics needs to be set up in a container or building away
from the water. On account of the specific construction of the
turbine which is flowed through vertically, a fundamental
change in the inflow plane and screen plane can be carried out.

The shaft power plant according to the invention enables
more cost-effective hydropower utilization on flowing waters
having transverse structures in order to generate different
energy levels in the body of water. Typical examples of such
sites of application are, inter alia, existing transverse struc-
tures and historic weirs. The concept can also be applied at
other sites, for example at check dams or in medium pressure
systems which are silted-up or at risk of silting up, and also in
artificial lakes and reservoirs.

The potential of such sites is also present in Germany and
can be implemented economically on account of the optical
advantages and low construction costs. As a result of the
simple arrangement, the robustness and low maintenance
requirement, the relatively low construction outlay and the
possibility of working in a modular manner with prefabri-
cated elements, use outside Germany and Europe, around the
world, in particular also in developing nations, is possible.

With the concept of the shaft inflow, on account of the
horizontal arrangement, the frequently required quotient of
QLppine! Asoreen area<0-5 m/s can be achieved much more eas-
ily and cost-effectively, because the shaft cross section has to
be increased only two-dimensionally and furthermore no
areas of the banks are taken up. Previously known bay-type
power plants often achieve only Q/A=1 m/s. Q is the dis-
charge in the turbine in m>/s. A denotes the shaft cross-
sectional area in the screen plane. In order to protect fish, the
shaft cross-sectional area in the screen plane has to be
selected to be large enough for the fish to be able to perceive
the barrier and to react and to be able to escape under their
own power, and for their physical capabilities to escape not to
be exceeded, in other words, in extreme cases, Q,,;,./
A, ron area<0.3 m/s should be preferred.

It is further preferred for the shaft top, or inflow plane, to
extend in the bottom half, in particular in the bottom third, of
a water depth of the headwater.

Advantageously, the shaft is open over its entire top side,
with the exception of any screens. It is also advantageous for
all ofthe side walls of the shaft to extend vertically, so that the
first cross-sectional area is constant over the entire shaft
depth. As a result, any restriction in the incident flow is
prevented and the shaft can be produced very simply. The
expression “vertical” side walls also includes a slight incli-
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nation, in particular +/-5°, with respect to the shaft base. It is
also preferred for the shaft to be configured with deflecting
walls that extend in a flow-favorable manner.

In a preferred configuration, the turbine, in particular the
turbine runner, is arranged below the bed plane of the head-
water and/or is arranged in the bottom half, in particular in the
bottom third, of the shaft. The turbine and the electrical
machine are preferably arranged clearly below the shaft top.
In high channel flows, bed-load can pass into the shaft, the
bed-load is flushed over the shaft by the positioned flap, i.e.
the height of the shaft with regard to the river bed and the
position of the turbine wheel below the inflow edge that holds
back the bed-load are important.

It is advantageous for a rotational axis of the turbine runner
and an armature axis of the electrical machine to be arranged
coaxially with one another and vertically. Furthermore, it is
preferably provided that the outflow widens, in particular
continuously, directly after the turbine. It is particularly pre-
ferred for the curved outflow to comprise, in the following
order downstream of the turbine, a flaring cone, an elbow and
a suction pipe or a suction hose.

The suction pipe or suction hose are configured preferably
as a diffuser for recovering the velocity energy. The elbow
serves preferably to divert the flow into the horizontal or
virtually the horizontal. Preferably, the elbow diverts through
80° to 100°, in particular through 85° to 95°, in particular
through 90°.

Preferably, the base of the shaft is arranged below the bed
plane of the headwater. The shaft thus extends as far as below
the bed plane of the headwater.

Preferably, the curved outflow, in particular configured as a
pipeline, is arranged above the turbine runner, so that during
electricity generation the water flows through the turbine
runner from bottom to top. In this case, it is advantageous for
the curved outflow to extend through a side wall of the shaft
to the tailwater. By way of this arrangement, overall depth can
be saved in the case of small drop heights, thereby entailing
considerable cost advantages.

As an alternative, it is preferred for the, in particular
curved, outflow to be arranged under the turbine runner, so
that during electricity generation the water flows through the
turbine runner from top to bottom. In this case, the curved
outtlow preferably extends through the base of the shaft to the
tailwater. It is further advantageous here for the shaft to be
configured to form a cavity underneath the base, wherein the
base of the shaft forms a ceiling of the cavity and wherein the
curved outflow extends through the ceiling, the cavity and a
side wall of the cavity as far as the tailwater. The cavity is
filled preferably with ballast in order to ensure safety against
buoyancy.

In a further advantageous configuration, the inflow into the
shaft is provided with a horizontal screen plane, which cor-
responds to the horizontal inflow plane, or a vertical screen
plane having in particular a horizontal cover over the shaft.
Preferably, use is made of an upstream coarse screen and a
downstream fine screen. The fine screen is configured pref-
erably with a grating spacing of <20 mm. Preferably, both
screens have rotatable screen bars and/or a mechanical cover,
e.g. a rolling cover, and also a screen cleaning device under
water.

Preferably, the shaft power plant comprises a damming
structure between the headwater and the tailwater. In this
case, damming structures should be understood as meaning in
particular river barriers, dams, check dams, dam walls, weir
systems, historic and also landmarked weir systems, trans-
verse structures, locks, plants regulated by dams and/or the
damming of flowing or standing waters. Furthermore, the
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expression damming structure relates here to a natural barrier
between a headwater and a tailwater.

Preferably, a flap which is permanently overtflowed is
arranged in the damming structure, in particular over the
entire inflow width. Preferably, the shaft is configured with a
polygonal or semicircular cross section, wherein one longi-
tudinal side butts directly against the damming structure.
Further preferably, the flap can be pivoted about a horizontal
axis to enlarge the overflow and simultaneously to open an
underflow. As an alternative to the pivotable flap, a rotary flap
is preferred, wherein the rotary flap comprises on its bottom
edge an integrated closure which allows the underflow to be
regulated depending on the overflow.

The headwater level is regulated up to the maximum nor-
mal discharge of the turbine by the vane position of the
preferred guide apparatus and the speed of the turbine runner.
On account of the compact structural form with forced verti-
cal diversion of the works water, a pronounced eddy forma-
tion is produced at the transition from free flow discharge to
pressurized discharge. As was shown by the experiment on
the physical model, even a relatively small, wide flap over-
flow prevents rotary flow with eddy formation that draws in
air.

By way of the flap arranged on the end side, four essential
effects are achieved:

Prevention of eddy formation in the inflow by permanent
overflow with simultaneous oxygen regulation. In this case, it
is possible to regulate both the introduction and the removal
of oxygen in the case of oversaturation. Wide and direct
surface outflow into the tailwater. Eels, which live close to the
bottom and only swim downstream on a few days in the fall
could be allowed to pass into the tailwater without being
harmed by temporarily opening the integrated cleaning clo-
sure, which is flush with the bed, or, if a pivoting flap is
installed, by rotating the latter. Removal of driftwood and
floating debris via the flap and removal of the screening
material under the flap. And also, if appropriate, control of the
headwater level.

On account of the permanent overflow of the flap, laminar
flow close to the surface develops in the entire inflow region,
as aresult of which fish which particularly wish to migrate, in
particular young fish that live predominantly at the surface,
can descend without being harmed.

In order to meet the preferred requirements, a rotary flap
must be equipped with a low, integrated closure. The alterna-
tive pivoting flap has a centrally arranged pivot pin, as a result
of which a rotational movement in the clockwise direction
simultaneously ensures or increases the under- or overflow. In
order to be able to open the entire surface cross section in high
channel flows and not to cause the risk of a log jam, use is
preferably made of technology which allows the central pivot
pin to be uncoupled and a pin at the bottom of the flap to be
inserted.

Preferably, a bottom edge of the flap is arranged at the level
of the shaft top.

Alternatively, it is advantageous for a flushing channel,
which is located lower than the shaft top and lower than the
bed plane of the headwater, to extend around the shaft,
wherein the flushing channel leads to the flap and the bottom
edge of the flap is arranged at the level of the flushing channel.
The flap is preferably provided with a regulating device
which is suitable for producing a bed-load discharging flush-
ing surge.

Bed-load discharge takes place in the case of larger channel
flows, wherein complete silting up can occur very frequently
up to the shaft top in fixed weir systems. On account of the
relatively small coverage, the flap flushing system according
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to the invention is effective. In conventional plants, compli-
cated and extensive flushing structures are required on
account of the subterranean development. By way of fine
screening, the introduction of coarse bed-load is prevented,
sands cause virtually no damage to the turbine in the low-
pressure range.

Bed-load discharge and driftwood transport usually take
place in high channel flows. In order to avoid corresponding
mechanical and structural damage, the screen bars can pref-
erably be designed in a rotatable manner (use as closure
plane) in order to prevent the introduction of bed-load and
floating matter into the shaft. At the same time, in the case of
higher channel flows, the flap closure is designed with the
effect that a drawdown curve forms over the screen plane and
sufficiently large entraining forces are generated thereby to
keep the inflow region free of bed-load. The shaft and flap
should be dimensioned for the required full-area flushing
action.

In conventional inflows, fish migrating downstream can be
pushed against the inflow screen at high flow rates or get into
the turbines of hydropower plants, as a result of which they
risk being harmed. With the technical corrective measures
carried out hitherto, it was possible to achieve at best partial
successes. Thus, bypass systems for downstream fish migra-
tion are often without effect and constructive turbine solu-
tions (runner geometry, speed) are associated with consider-
able losses of efficiency, with the question of the actual
reduction in harm remaining open. According to the inven-
tion, a considerable reduction in harm to the fish stock is
possible on account of the creation of safe migration corridors
into the tailwater and the lowering of the incident flow speeds
in the screen plane to preferably v,,<0.5 m/s. In order to meet
just the requirements for low incident flow speeds, in conven-
tional power plant inflows having a vertical plane, the struc-
tures would have to be considerably increased in size, since
hitherto dimensioning was carried out withv,, .....,,<1.0 m/s.

With the concept of the shaft inflow according to the inven-
tion, on account of the horizontal arrangement, the required
large screen surface can be produced with moderate flow rates
without expensive ramp structures. The second requirement
for functional migration corridors remains largely unmet in
conventional power plants. With the shaft concept according
to the invention, on account of the flap arrangement having
the hydraulically necessary permanent overflow, there is the
possibility, by preferably triangular or semicircular indenta-
tion in the top region of the flap, of reinforcing the direct
outflow such that it is used by fish which wish to migrate.
Eels, which live close to the bottom and only swim down-
stream on a few days in the fall, could be allowed to pass into
the tailwater without being harmed by temporarily opening
the integrated cleaning closure, which is flush with the bed, on
the bottom edge of the flap. The proposed downstream fish
migration techniques are promising because, in addition to
the low flow rates in the fine screen plane, there is a short and
direct path to the wide flap overflow or underflow. Preference
is given to both continuous and (sensor) controlled operation,
in which particular consideration could be given to the time
periods for downstream fish migration.

On account of the preferred direct positioning of the shaft
according to the invention at the weir body or damming
structure, and also the fully underwater arrangement, further
positive effects are achieved: completely invisible power
plant buildings, retention of the waterway in the river bed
without serious flow diversions and impairment of the eco-
logical fauna and ecological flora, no formation of dead zones
in the tailwater, and avoidance of noise pollution on account
of the fully underwater arrangement.
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Also preferred are adjustable screen bars as a closure
device and/or other motorized covers and/or underwater
screen cleaners and/or an integrated closure part, necessary
for the transmission of the screening material, on the bottom
edge of the flap.

Preferably, the upwardly directed outflow should be
employed in low pressure plants, in order to save on the
overall depth. Further preferably, the invention is also used in
medium pressure plants, wherein in this case the shaft can be
used to prevent the turbine inflow from silting up. The design
of the screen, the arrangement of the screen and the flushing
flaps play an important role in particular in low pressure
plants.

As analternative to the recessed arrangement of the shaft in
the bed, it is preferably provided that the base of the shaft is
arranged above the bed plane of the headwater. Preferably, to
this end, the shaft is supported on the bed and/or fastened to
the damming structure, in particular suspended, and/or
arranged in a manner standing on a protrusion from the dam-
ming structure. Particularly preferably, the outflow comprises
a cylindrical throughflow of constant cross section, in par-
ticular configured as a borehole, through the damming struc-
ture. The cylindrical section is adjoined preferably by a cross-
sectional widening, in particular a diffuser, as the transition to
the tailwater.

This variant is used preferably in medium pressure plants
or in conventional dams. The shaft height on the damming
structure is selected in a manner depending on the height of
the dam and the silting scenario. The recovery of energy inthe
diffuser takes place preferably only on the air side.

As an alternative to the direct attachment of the shaft to the
damming structure, the shaft is set up on the bank or bored
directly into the rock or constructed in the rock. In this case,
an existing diversion cut can be used in a modified manner as
a connection to the tailwater. The shaft is configured prefer-
ably as a cylindrical borehole, in particular in the rock. In the
case of stable rock, the walls of the borehole, that is to say the
rock itself, forms the shaft wall directly. Alternatively, the
shaft can be inserted into the borehole or be concreted in the
borehole. Provision is furthermore advantageously made of
an inward flow from the headwater into the shaft or into the
borehole by means of a diversion. Two variants of a shaft in
the rock are preferred. In the first variant, the lake contents
(headwater) are turbined into the tailwater via a shaft in the
rock. In the second variant, diversions are turbined into the
lake. Diversions guide the water in the free flow discharge
from a different valley into a pool. This means that there is
always a difference in level between the arriving free flow
discharge and the water level in the pool. This difference,
which is reduced as the pool fills, can preferably be used
energetically. In previously known methods, this difference is
not used and the water runs over the rocks into the reservoir.

An overview of the advantages of the shaft power plant
according to the invention: marginal flow diversion on
account of the preferred modular construction and preferred
multiple arrangement of a plurality of shaft power plants at a
damming structure, turbines can be integrated in and on the
weir without serious flow diversion, shaft inflow with a hori-
zontal screen plane, little deepening of the bed by way of
end-side flap flushing, no structural encroachments on the
banks, no noise pollution, no generator cooling necessary, no
visible power plant buildings, downstream fish migration
possible via continuously charged flushing flap.

The invention furthermore comprises a shaft power plant
module for generating electricity by energy conversion of a
discharge between a headwater and a tailwater, comprising a
vertical shaft module, the shaft top of which forms an inflow
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plane which is parallel to the bed and is configured to extend
below the water level of the headwater, wherein the shaft
module is open toward the top and is closed by a base at its
bottom end, a unit module composed of a turbine and an
electrical machine, wherein the unit module is configured to
be arranged entirely under water in the shaft module and
wherein the turbine is configured to be arranged for water to
pass through vertically, and an outflow module, which is
connected to the turbine, represents a closed flow channel and
is configured to lead through a through-passage in the shaft
module to the tailwater, wherein, in a horizontal plane of a
turbine runner of the turbine, a first cross-sectional area of the
shaft module is much larger than a second cross-sectional
area taken up by the turbine runner.

The advantageous configurations, as have been discussed
in connection with the shaft power plant according to the
invention, are preferably applied in a corresponding manner
to the shaft power plant module according to the invention.
The separate shaft module, which can also be set up indepen-
dently of a damming structure, comprises a shaft, which is
flowed through vertically, and a turbine having an electrical
machine, these being arranged permanently under water. The
shaft module can be set up freely in a naturally or artificially
dammed body of water or be built onto (hydraulic) structures
having different functions. The shaft module integrates pref-
erably a horizontal screen plane having a cleaning means.
Eddies must be prevented by means of hydraulic measures.
The modular construction allows the shaft power plant to be
set up in a manner locally detached from (e.g. upstream of) a
damming structure to be erected, an already existing dam or
in an existing water pool. A hydraulic connection between the
headwater and the tailwater must be ensured in each case.

The shaft power plant or shaft power plant module accord-
ing to the invention comprises preferably a shaft having a
simple cross section, in particular rectangular or circular or
semicircular, having vertical or almost vertical walls. In any
case, the usual flow-favorable constriction toward the turbine
is preferably avoided and thus a cost-effective shaft geometry
is selected. For flow diversion, simple guide elements or an
optimized guide apparatus of the hydraulic machine can pref-
erably be used. Guide elements formed in a flow-favorable
manner, in particular guide elements that extend in a spiral
shape are preferably arranged in the shaft. The cross section
of'the shaft is preferably much larger than that taken up by the
turbine runner. In previously known equipment, the different
cross sections are compensated by a complex, curved shell, in
order to keep losses low. By contrast, in this case preferably a
hydraulically unfavorable geometry is selected, with the
unfavorable flow path being offset by a large cross-sectional
area and possibly by guide elements and/or guide apparatus.
The speeds are low on account of the large cross-sectional
area and the hydraulic losses are correspondingly also low.

Preferably, in the proposed power plant, use is not made of
an air space, a means of access or a lateral connection in the
form of a conventional, accessible power plant control center.
In previously known equipment, the turbines are set up in a
dry, cohesive space, specifically alongside one another, i.e.
one turbine per inflow. According to the invention, there is no
such transverse connection.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is explained in more detail in the following
text on the basis of exemplary embodiments, in which:

FIG. 1 shows a section through a shaft power plant accord-
ing to the invention according to a first exemplary embodi-
ment,
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FIG. 2 shows a further section through the shaft power
plant according to the invention according to the first exem-
plary embodiment,

FIG. 3 shows a plan view of the shaft power plant according
to the invention according to the first exemplary embodiment,

FIG. 4 shows a sectional view of the shaft power plant
according to the invention according to a second exemplary
embodiment,

FIG. 5 shows a further sectional view of the shaft power
plant according to the invention according to the second
exemplary embodiment,

FIG. 6 shows a plan view of the shaft power plant according
to the invention according to the second exemplary embodi-
ment,

FIG. 7 shows a sectional view of the shaft power plant
according to the invention according to a third exemplary
embodiment,

FIG. 8 shows a further sectional view of the shaft power
plant according to the invention according to the third exem-
plary embodiment,

FIG. 9 shows a plan view of the shaft power plant according
to the invention according to the third exemplary embodi-
ment,

FIG. 10 shows a sectional view of the shaft power plant
according to the invention according to a fourth exemplary
embodiment,

FIG. 11 shows a further sectional view of the shaft power
plant according to the invention according to the fourth exem-
plary embodiment,

FIG. 12 shows a plan view of the shaft power plant accord-
ing to the invention according to the fourth exemplary
embodiment,

FIG. 13 shows a first variant of a flap for all four exemplary
embodiments, and

FIGS. 14 and 15 show a second variant of the flap for all
four exemplary embodiments.

DETAILED DESCRIPTION

In the following text, four exemplary embodiments of a
shaft power plant 1 according to the invention are explained in
detail.

FIGS. 1 to 3 show the first exemplary embodiment of the
shaft power plant 1. In this case, a headwater 2 having a
headwater level 3 and a headwater bed plane 4 can be seen.
Between the headwater level 3 and the headwater bed plane 4
there extends a headwater depth 5. Located somewhat lower
than the headwater 2 is a tailwater 6. The shaft power plant 1
utilizes the drop height between the headwater 2 and the
tailwater 6 to generate electrical energy.

To this end, the shaft power plant 1 comprises a vertical
shaft 7 comprises vertical side walls 8 and a base 9. The base
9 of the vertical shaft 7 is arranged horizontally. The side
walls 8 extend vertically upward from this base 9. The side
walls 8 terminate level and flush with a shaft top edge or shaft
top 10. This shaft top 10 defines a horizontal inflow plane 11
of the shaft 7. A clear shaft depth 34 is defined from this
horizontal inflow plane 11 as far as the top edge of the base 9.
The horizontal inflow plane 11 is located clearly below the
headwater level 3 and is higher than the headwater bed plane
4 by a protrusion 33.

Arranged underneath the vertical shaft 7 is a cavity 12
having cavity side walls 13 and a cavity base 14. The cavity
side walls 13 are an integral, vertical, downwardly directed
extension of the vertical side walls 8 of the shaft 7. The cavity
base 14 is offset downwardly in a manner parallel to the base
9 of the shaft 7.
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Located on the base 9 of the shaft 7 there is a unit compris-
ing a turbine 16, an electrical machine 17 in the form of a
generator, and a guide apparatus 18. The turbine 16 is in this
case connected firmly to the base 9. Located directly above
the turbine 16 is the guide apparatus 18 and located directly
on the guide apparatus 18 is the electrical machine 17. An
essential component of the turbine 16 is a turbine runner 19
having a turbine runner diameter 20. A rotational axis of the
turbine runner 19 and also an armature axis of the electrical
machine are coaxial with one another and vertical.

The upwardly open side of the shaft 7 is provided with a
horizontally arranged screen 21. This screen 21 is located in
the horizontal inflow plane 11. Furthermore, in order to clean
the screen 21, a screen cleaning means 22 is arranged within
the shaft under water. Extending one side wall 8 of the shaft 7
there is a flap 23, which enables a connection between the
headwater 2 and the tailwater 6, bypassing the shaft 7 and in
particular bypassing the unit 15. The flap 23 is described in
detail in FIGS. 13 to 15.

The unit 15 fastened to the base 9 is located directly over a
circular through-passage 28 in the base 9. As a result, the unit
15 can be connected to the tailwater 6 via a curved outflow 24
forming a flow channel. To this end, the outflow 24 comprises
a cone 25, an adjoining elbow 26 and also a suction pipe or a
suction hose 27. The cone 25 is inserted in the through-
passage 28 and is connected in a sealed manner to an outlet
from the turbine 16. Via this cone 25, the flow runs through the
elbow 26, which is curved through 90°, and from there
directly into the suction hose 27. The suction hose 27 pen-
etrates through one of the cavity side walls 13. The cavity 12
thus accommodates the cone 25, the elbow 26 and also a part
of'the suctionhose 27. In order that the cavity 12 does not float
during maintenance work, it is filled with ballast.

FIGS. 2 and 3 likewise show the first exemplary embodi-
ment. Indicated in the plan view according to FIG. 3 is a
section A, as is shown in FIG. 1, and a section B as per FIG.
2. Itcan be clearly seen in FIGS. 2 and 3 that one vertical side
wall 8 of the shaft 7 directly adjoins a damming structure 30.
FIG. 3 shows a cross-sectional area of the shaft 7 (first cross-
sectional area), said cross-sectional area being defined by a
first clear side length 31 and a second clear side length 32 of
the shaft 7. The cross-sectional area of the shaft 7 is thus the
product of the first side length 31 and the second side length
32. A cross-sectional area (second cross-sectional area) taken
up by the turbine runner 19 is calculated from the turbine
runner diameter indicated in FIG. 1. The cross-sectional area
taken up by the turbine runner 19 within the turbine 16 is thus
the product of half the turbine runner diameter 20 squared and
pi. What is decisive in the present invention is, then, that the
cross-sectional area of the shaft 7 is much larger than the
cross-sectional area taken up by the turbine runner 19. As a
result, the flow rate ofthe water in the screen plane is very low
and is accelerated only just before the turbine 16, as a result of
which the loading of the shaft 7 with entrained and floating
material is reduced and also fish can pass the shaft power
plant 1 via the flap 23 without passing through the turbine
passage.

The water flows into the shaft 7 from three sides via the
horizontal inflow plane 11 in the inflow direction 29 indicated
in FIGS. 1, 2 and 3. By way of the guide apparatus 18, the
water is guided vertically to the turbine runner 19. At the
turbine outlet at the bottom, the water flows via the cone 25
into the elbow 26 and is diverted there into the horizontal
direction of flow. The water leaves the shaft power plant 1 via
the suction hose 27 and flows away into the tailwater 6. The
rotational movement of the turbine runner 19 is converted into
electric current via the electrical machine 17. In this case, the
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entire unit 15 is seated in the shaft 7 and thus entirely under
water. Consequently, no further cooling of the unit 15 is
necessary. The electric current generated is guided toward the
outside by a cable connection which is not shown.

FIGS. 4, 5 and 6 show a second exemplary embodiment of
the shaft power plant 1. Identical or functionally identical
components are described with the same reference signs in
the second exemplary embodiment as in the first exemplary
embodiment.

In contrast to the first exemplary embodiment, the second
exemplary embodiment shows a variant having a semicircu-
lar, vertical shaft 7 and also a vertically arranged screen 21.

It can be clearly seen in FIGS. 4 and 5 that in this case the
screen 21 is provided vertically as an extension of the semi-
circular, vertical side wall 8 of the shaft 7. In this case, the
screen 21 extends from the shaft top 10 as far at least as the
headwater level 3. For safety reasons, the entire shaft 7 is
covered with a cover 35 approximately at the level of the
headwater level 3.

FIG. 6 shows the semicircular configuration of the vertical
shaft 7, with the straight side of the semicircular shaft 7 being
combined with the damming structure 30. This is shown in
particular in FIG. 4, according to which the vertical side wall
8 merges integrally into the damming structure 30 exactly
from the horizontal inflow plane 11. A cross-sectional area
(first cross-sectional area) of the shaft 7 is defined by the
radius 36. Thus, the cross-sectional area of the shaft 7 is
calculated here from half the product of the radius 36 squared
and pi.

In the second exemplary embodiment, two flaps 23 are
provided to the side of the shaft 7. The bed-load carried along
by the headwater 2 gets caught at the protrusion 34 and slides
around the semicircle to the flaps 23. This prevents the turbine
16 from taking in too much bed-load.

FIGS. 7 to 9 show a third exemplary embodiment of the
shaft power plant. Identical or functionally identical compo-
nents are designated by the same reference signs in the first,
second and third exemplary embodiments.

The third exemplary embodiment is configured in the same
way as the second exemplary embodiment with a semicircu-
lar, vertical shaft 7, two side flaps 23 and vertically standing
screens 21 having horizontal bars.

As an additional feature, in the third exemplary embodi-
ment a flushing channel 37 is formed around the entire semi-
circle outside the shaft 7 or outside the vertical shaft walls 8.
This flushing channel 37 leads from one flap 23, around the
shaft 7, to the other flap 23. In this case, the flushing channel
37 is located below the headwater bed plane 4 by a flushing
channel depth 38. Thus, in the third exemplary embodiment it
is no longer just the protrusion 23 that serves to collect the
bed-load but also the flushing channel depth 38. When the
flaps 23 on both sides of the shaft 7 are opened, a flushing flow
39 toward the two flaps 23 is produced in the flushing channel
37.

FIGS. 10, 11 and 12 show a fourth exemplary embodiment
of the shaft power plant 1. Identical or functionally identical
components are designated by the same reference signs in the
first, second, third and fourth exemplary embodiments.

The fourth exemplary embodiment has a similar structure
to the first exemplary embodiment. However, in this case, the
entire unit 15 is installed in a manner rotated through 180°, so
that a flow outlet from the turbine 16 is directed upward. The
cone 25 is also arranged in a corresponding manner above the
unit 15 and the curved outtlow 24 extends upwardly from the
unit 15 to the tailwater 6 through a 90° curve. The correspond-
ing through-passage 28 is located in a vertical side wall 8 in
this exemplary embodiment. In this case, it is not the cone 25
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but the suction hose 27 that extends through the through-
passage 28. Furthermore, in the fourth exemplary embodi-
ment the base 9 is not provided with any through-passage.
Similarly, the entire cavity 12 is dispensed with. In this case,
the unit 15 no longer stands directly on the base 9, but is
positioned above a rod assembly 40 in the lower half of the
shaft depth 34. The water runs into the shaft 7 in this case
likewise via the inflow 29 from three sides. From the guide
apparatus 18, the water is guided vertically upward into the
turbine runner 19 and from there further upward into the
elbow 26. After the elbow, the water runs horizontally again
into the tailwater 6 via the suction hose 27.

The fourth exemplary embodiment is suitable in particular
for very low drop heights. In this case, it is perfectly possible
for a water level of the tailwater 6 to be at the same level as the
headwater bed plane 4.

It should in particular be pointed out that the different
properties of the four exemplary embodiments can be mixed.
Thus, in each of the four exemplary embodiments, preference
is given to both a horizontal and a vertical screen arrange-
ment, a round or polygonal shaft geometry, an upwardly or
downwardly directed outflow 24, one or more flaps 23 and/or
a flushing channel 27.

In the following text, two different variants of the flap 23
are presented on the basis of FIGS. 13,14 and 15. Either of the
two flap variants can be applied advantageously to all four
exemplary embodiments.

FIG. 13 shows a first variant of the flap 23. As was shown
in the various exemplary embodiments, the flap 23 can be
arranged either on a side wall 8 of the vertical shaft 7 or in the
damming structure 30. In the closed state, as shown in FIG.
13, the flap 23 is offset downward slightly with respect to the
headwater level 3, so that a permanent overtlow 41 is pro-
duced. Furthermore, the flap 23 in the first variant is rotatable,
so that the overflow 41 can be regulated.

In the lower region of the flap 23, it can be seen that a
bottom edge of the flap 23 is located approximately at the
level of the screen 21 or of the cover 35. In order to ensure an
underflow 42 between the flap 23 and the shaft 7 or the
damming structure 30, provision is made here of an integrated
closure 43. This integrated closure 43 is a pivotable part in the
bottom region of the flap 23. The overflow 41 and also the
underflow 42 are direct hydraulic connections from the head-
water 2 to the tailwater 6, bypassing the shaft 7 and also
bypassing the electricity generating unit 15.

FIGS. 14 and 15 show a second variant of the flap 23. In
FIG. 14, the flap 23 is shown in the closed state, wherein here,
in turn, the top edge of the flap 23 is offset downward slightly
with respect to the headwater level 3, so that a constant
overflow 41 is produced. In this second variant, no integrated
closure 43 is provided. Instead of this, the flap 23 is mounted
here such that its middle can be pivoted about a horizontal pin
44. By pivoting the flap 23 out, the volume flow in the over-
flow 41 and in the underflow 42 is simultaneously increased.

On account of the constant overflow 41, eddy formation
above the shaft 7 is avoided. Thus, flotsam can always be
flushed on the surface of the water from the headwater 2 to the
tailwater 6, bypassing the electricity generating unit 15. On
account of the underflow 22, which is controlled in a time-
based or need-based manner, bed-load which is carried along
and has collected at the protrusion 33 or in the flushing chan-
nel 37 is removed directly from the headwater 2 into the
tailwater 6, bypassing the electricity generating unit 15. In
addition, the underflow 42 serves as an eel through-passage or
serves for the downstream migration of fish that swim close to
the surface.
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According to the invention, in all of the exemplary embodi-
ments, the flow always flows from top to bottom through the
shaft cross section. The inlet plane to the shaft is always under
water and a minimum coverage should be ensured in order
that no eddies that draw in air occur. The exemplary embodi-
ments are used preferably at silted-up transverse structures.
These are characterized not only by a difference in water level
(headwater/tailwater) but also by the fact that heavy bed-load
transport takes place in the event of high water. Furthermore,
high speeds occur here with a low flow depth and high dis-
charges, it being necessary for said high speeds to be decel-
erated to less than 1 m/s in the screen plane upstream of the
turbine. In conventional plants, this can take place only by
deepening the approximately vertical inflow into the turbines.
However, such arrangements are problematic in operation,
since deposition of bed-load occurs in the inward flow into the
turbines, resulting in losses of efficiency and operational dis-
ruptions. In contrast thereto, the invention proposed affords
the possibility of increasing the shaft cross section as desired
in a 2D horizontal plane and thus of lowering the speeds
without problems to 0.5 m/s or less. The size of the shaft cross
section thus becomes an additional manipulated variable
which can be optimized without problems for example with
regard to fish friendliness.

The concept proposed includes operationally friendly and
durable solutions to the problems of bed-load. Further, high
water can be discharged without problems. Preferably, the
entire width of the course of the river is flowed over, i.e. as a
result of the power plant construction, there is no loss of
capacity and on account of the underwater arrangement, there
is no water damage. Furthermore, use can be made of exist-
ing, even historic, weirs, which for economic and landmark
preservation reasons should be modified as little as possible.
In conventional bay-type power plants, the water has to be
diverted out of the course of the river and returned thereto
again. This causes large encroachments, high costs, opera-
tional difficulties and the powerhouse is visible and acousti-
cally perceptible. The invention proposed changes the dis-
charge path of the existing course of the river only a little.

The present disclosure may include one or more of the
following concepts:

A. A shaft power plant (1) for generating electricity by energy
conversion of a discharge between a headwater (2) and a
tailwater (6), comprising
a vertical shaft (7), the top (10) of which forms an inflow

plane (11) which is parallel to the bed and extends below
the water level (3) of the headwater, wherein the shaft (7)
is open toward the top and is closed by a base (9) at its
bottom end,

a unit (15) composed of a turbine (16) and an electrical
machine (17), wherein the unit (15) is arranged entirely
under water in the shaft (7) and wherein the turbine (16)
is arranged for water to pass through vertically, and

an outflow (24), which is connected to the turbine (16),
represents a closed flow channel and leads through a
through-passage (28) in the shaft (7) to the tailwater (6),

wherein, in a horizontal plane of a turbine runner (19) of the
turbine (16), a first cross-sectional area of the shaft (7) is
much larger than a second cross-sectional area taken up
by the turbine runner (19).

B. The shaft power plant as in paragraph A, characterized in
that the first cross-sectional area is at least 1.5 times, in
particular 5 times, in particular 10 times, in particular 30
times larger than the second cross-sectional area.

C. The shaft power plant as in either of the preceding para-
graphs, characterized in that the shaft top (10) is arranged
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in the bottom half; in particular in the bottom third, of a
water depth (5) of the headwater.

D. The shaft power plant as in one of the preceding para-
graphs, characterized in that the shaft (7) is open over its
entire top side.

E. The shaft power plant as in one of the preceding para-
graphs, characterized in that all of the side walls (8) of the
shaft (7) extend vertically, so that the first cross-sectional
area is constant over the entire shaft depth (34).

F. The shaft power plant as in one of the preceding para-
graphs, characterized in that the turbine (16), in particular
the turbine runner (19), is arranged below the bed plane (4)
of the headwater and/or is arranged in the bottom half, in
particular in the bottom third, of the shaft (7).

G. The shaft power plant as in one of the preceding para-
graphs, characterized in that a rotational axis of the turbine
runner (19) and an armature axis of the electrical machine
(17) are arranged coaxially with one another and vertically.

H. The shaft power plant as in one of the preceding para-
graphs, characterized in that the outflow (24) widens, in
particular continuously, directly after the turbine (16).

1. The shaft power plant as in one of the preceding paragraphs,
characterized by a damming structure (30) between the
headwater (2) and the tailwater (6).

J. The shaft power plant as in paragraph I, characterized in
that the shaft (7) is configured with a polygonal or semi-
circular cross section, wherein one longitudinal side of the
shaft (7) butts directly against the damming structure (30).

K. The shaft power plant as in either of paragraphs I and J,
characterized in that at least one flap (23) which is perma-
nently overflowed is arranged in the damming structure
30).

L. The shaft power plant as in paragraph K, characterized in
that the flap (23) is configured to enlarge the overflow (41)
and to open an underflow (42).

M. The shaft power plant as in either of paragraphs K and L,
characterized in that an integrated closure (43) for regulat-
ing the underflow (42) is arranged on a bottom edge of the
flap (23).

N. The shaft power plant as in one of the preceding para-
graphs, characterized in that the outflow (24) is curved, in
particular through 90°.

O. The shaft power plant as in one of the preceding para-
graphs, characterized in that the base (9) of the shaft (7) is
arranged below the bed plane (4) of the headwater (2).

P. The shaft power plant as in one of the preceding paragraphs,
characterized in that the outflow (24) comprises, in the
following order downstream of the turbine (16), a flaring
cone (25), an elbow (26) and a suction pipe or a suction
hose (27).

Q. The shaft power plant as in one of the preceding para-
graphs, characterized in that the outflow (24) is arranged
above the turbine runner (19), so that during electricity
generation the water flows through the turbine runner (19)
from bottom to top.

R. The shaft power plant as in paragraph Q, characterized in
that the outflow (24) extends through a side wall (8) of the
shaft (7) to the tailwater (6).

S. The shaft power plant as in one of paragraphs A to P,
characterized in that the outflow (24) is arranged under the
turbine runner (19), so that during electricity generation the
water flows through the turbine runner (19) from top to
bottom.

T. The shaft power plant as in paragraph S, characterized in
that the outflow (24) extends through the base (9) of the
shaft (7) to the tailwater (6).
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U. The shaft power plant as in either of paragraphs S and T,
characterized in that the shaft (7) is configured to form a
cavity (12) underneath the base (9), wherein the base (9) of
the shaft (7) forms a ceiling of the cavity (12) and wherein
the outflow (24) extends through the ceiling, the cavity (12)
and a side wall (13) of the cavity as far as the tailwater (6).

V. The shaft power plant as in one of the preceding para-
graphs, characterized in that an inflow (29) into the shaft
(7) is provided with a horizontal screen plane (21), or a
vertical screen plane (21), in particular with a horizontal
cover (35) over the shaft (7).

W. The shaft power plant as in one of paragraphs O to V,
characterized in that a flushing channel (37), which is
located lower than the shaft top (10) and lower than the bed
plane (4) ofthe headwater (2), extends around the shaft (7),
wherein the flushing channel (37) leads to the flap (23) and
the bottom edge of the flap (23) is arranged at the level of
the flushing channel (37).

X. The shaft power plant as in one of paragraphs A to N,
characterized in that the base (9) of the shaft (7) is arranged
above the bed plane (4) of the headwater (2).

Y. The shaft power plant as in paragraph X characterized in
that the outflow (24) comprises a cylindrical throughtlow
of constant cross section through the damming structure
(30).

Z. A shaft power plant module for generating electricity by
energy conversion of a discharge between a headwater (2)
and a tailwater (6), comprising
a vertical shaft module (7), the shaft top (10) of which

forms an inflow plane (11) which is parallel to the bed
and is configured to extend below the water level (3) of
the headwater, wherein the shaft module (7) is open
toward the top and is closed by a base (9) at its bottom
end,

a unit module (15) composed of a turbine (16) and an
electrical machine (17), wherein the unit module (15) is
configured to be arranged entirely under water in the
shaft module (7) and wherein the turbine (16) is config-
ured to be arranged for water to pass through vertically,
and

an outflow module (24), which is connected to the turbine
(16), represents a closed flow channel and is configured
to lead through a through-passage (28) in the shaft mod-
ule (7) to the tailwater (6),

wherein, in a horizontal plane of a turbine runner (19) of the
turbine (16), a first cross-sectional area of the shaft mod-
ule (7) is much larger than a second cross-sectional area
taken up by the turbine runner (19).

In an embodiment, a shaft power plant (1) for generating
electricity by energy conversion of a discharge between a
headwater (2) and a tailwater (6) comprises a vertical shaft
(7), the top (10) of which forms an inflow plane (11) which is
parallel to the bed and extends below the water level (3) of the
headwater, wherein the shaft (7) is open toward the top and is
closed by a base (9) at its bottom end, a unit (15) composed of
aturbine (16) and an electrical machine (17), wherein the unit
(15) is arranged entirely under water in the shaft (7) and
wherein the turbine (16) is arranged for water to pass through
vertically, and an outflow (24), which is connected to the
turbine (16), represents a closed flow channel and leads
through a through-passage (28) in the shaft (7) to the tailwater
(6), wherein, in a horizontal plane of a turbine runner (19) of
the turbine (16), a first cross-sectional area of the shaft (7) is
much larger than a second cross-sectional area taken up by the
turbine runner (19).



US 9,109,571 B2

17

The invention claimed is:

1. A shaft power plant for generating electricity by energy
conversion of a discharge between a headwater and a tailwa-
ter, comprising:

a vertical shaft, the top of which forms an inflow plane
which is parallel to a bed and extends below a water level
of'the headwater, wherein the shaft is open at the top and
is closed by a base at its bottom end,

a unit having a turbine and an electrical machine, wherein
the unit is arranged entirely under water in the shaft and
wherein the turbine is arranged for water to pass through
vertically,

an outflow, which is connected to the turbine, that repre-
sents a closed flow channel and leads through a through-
passage in the shaft to the tailwater, and

a damming structure between the headwater and the tail-
water,

wherein, in a horizontal plane of a turbine runner of the
turbine, a first cross-sectional area of the shaft is larger
than a second cross-sectional area taken up by the tur-
bine runner,

further wherein at least one flap that is permanently over-
flowed is arranged in the damming structure.

2. The shaft power plant of claim 1, wherein the first
cross-sectional area is at least 1.5 times larger than the second
cross-sectional area.

3. The shaft power plant of claim 1, wherein the shaft top is
arranged in a bottom half, of a water depth of the headwater.

4. The shaft power plant of claim 1, wherein the shaft is
open over its entire top side.

5. The shaft power plant of claim 1, wherein a rotational
axis of the turbine runner and an armature axis of the electri-
cal machine are arranged coaxially with one another and
vertically.

6. The shaft power plant of claim 1, wherein the shaft is
configured with a polygonal or semicircular cross section,
further wherein one longitudinal side of the shaft butts
directly against the damming structure.

7. The shaft power plant of claim 1, wherein the flap is
configured to enlarge an overflow and to open an underflow.

8. The shaft power plant of claim 7, wherein an integrated
closure for regulating the underflow is arranged on a bottom
edge of the flap.

9. The shaft power plant of claim 1, wherein the outflow
comprises, in the following order downstream of the turbine,
a flaring cone, an elbow and at least one of a suction pipe and
a suction hose.

10. The shaft power plant of claim 1, wherein the outflow is
arranged under the turbine runner, so that during electricity
generation the water flows through the turbine runner from
top to bottom.

11. The shaft power plant of claim 10, wherein the outflow
extends through the base of the shaft to the tailwater.

12. The shaft power plant of claim 10, wherein the shaft is
configured to form a cavity underneath the base, wherein the
base of the shaft forms a ceiling of the cavity and wherein the
outtlow extends through the ceiling, the cavity and a side wall
of the cavity as far as the tailwater.

13. The shaft power plant of claim 1, wherein an inflow into
the shaft is provided with a horizontal screen plane or a
vertical screen plane.

14. The shaft power plant of claim 13, wherein a flushing
channel, which is located lower than the shaft top and lower
than a bed plane of the headwater, extends around the shaft,
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further wherein the flushing channel leads to the flap and a
bottom edge of the flap is arranged at a level of the flushing
channel.

15. The shaft power plant of claim 1, further comprising an
inflow area defined by the opening at the top of the shatft,
wherein no portion of the flap lies upstream of the inflow area.

16. The shaft power plant of claim 1, further comprising an
inflow area defined by the opening at the top of the shatft,
wherein the flap lies outside of the inflow area.

17. The shaft power plant of claim 1, wherein the flap is
proximate the top of the shaft.

18. A shaft power plant module for generating electricity
by energy conversion of a discharge between a headwater and
a tailwater, comprising:

a vertical shaft module having a shaft top that forms an
inflow plane which is parallel to a bed and is configured
to extend below a water level of the headwater, wherein
the shaft module is open at the top and is closed by a base
at its bottom end,

a unit module having a turbine and an electrical machine,
wherein the unit module is configured to be arranged
entirely under water in the shaft module and wherein the
turbine is configured to be arranged for water to pass
through vertically, and

an outflow module, which is connected to the turbine, that
represents a closed flow channel and is configured to
lead through a through-passage in the shaft module to
the tailwater,
wherein the shaft power plant module is configured to be

attached to a damming structure between the headwa-
ter and the tailwater, and

further wherein, in a horizontal plane of a turbine runner of
the turbine, a first cross-sectional area of the shaft mod-
ule is larger than a second cross-sectional area taken up
by the turbine runner,

further wherein at last one flap that is permanently over-
flowed is arranged on at least one of the damming struc-
ture and a side wall of the vertical shaft.

19. The shaft power plant of claim 18, wherein a bottom

edge of the flap is arranged at a level of the shaft top.

20. The shaft power plant of claim 18, wherein the flap, as
seen in a viewing direction from the headwater to the tailwa-
ter, is arranged directly downstream of the vertical shaft.

21. A shaft power plant for generating electricity by energy
conversion of a discharge between a headwater and a tailwa-
ter, comprising:

avertical shaft, a top of which forms an inflow plane which
is parallel to a bed and extends below a water level of the
headwater, wherein the shaft is open at the top and is
closed by a base at its bottom end,

a unit having a turbine and an electrical machine, wherein
the unit is arranged entirely under water in the shaft and
wherein the turbine is arranged for water to pass through
vertically,

an outflow, which is connected to the turbine, that repre-
sents a closed flow channel and leads through a through-
passage in the shaft to the tailwater, and

a damming structure between the headwater and the tail-
water,

wherein, in a horizontal plane of a turbine runner of the
turbine, a first cross-sectional area of the shaft is larger
than a second cross-sectional area taken up by the tur-
bine runner,

further wherein at least one flap that is permanently over-
flowed is arranged on a side wall of the shaft.
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